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Preliminary  CASTLE  Report? 

Objective*  mid  Preparation  for  Taeti 

/In  aooordano*  with  APOAT-1  Projeot  Authorisation  a/419/6(BS  the 
— Oentrsi-R  ad  in-Ps  opagatl  on  -  Labor at  ory-proptrwiTf  Ur  Uld"tronduotxt'  eleotro- 

.  f.'t.  rtV». X 

magoetie  measurement*^  during  Operation  CASTLE.  Th*  major  taste*  undertaken?  ^ 

undar_t  hi  a  autliorixat  1  cm_  ar.n-out  1  i  ned^l  _ _ _ 

(\) Standard  aonitoring  equipment  for  uaa  by  tha  CRPL  and  othsr  agenoie* 
during  CASTLE  was  designed  and  constructed;-^  Th*  following  report*,  whioh 
daaoriba  thi*  equipment,  it*  oporat ion, and  calibration,  war*  prepared  and 
distributed  to  th*  partioipatlng  tuition*. 

a)  "Equipment  for  Elaotrooagnetlo  Ueaiurement*  to  be  Uadc  by 

CRPL  during  CASTLS",  j 

b)  "Hot#*  on  the  Calibration  and  Operation  of  th*  CRPL  Equipment 
to  be  used  at  Renote  Field  Stations  during  Operation  CASTLE",  dated  Fob.  8, 
1904, 

o)  "Tining",  a  nemorandun  suggesting  terminology  fer  reporting 
th*  time  of  arrival  of  pulse*  at  all  station*,  dated  feb.  9,  1964, 

d)  "Propoeed  Schedule  for  Recording  Peak  Field  Strength  Values 
fren  Stations  HSS.  HPU,  end  G8R  during  Operation  CASTLE",  dated  Feb.  9,  1964, 

•)  Suggested  log  sheet*  and  additional  memoranda  wore  prepared 
a*  needed  in  order  to  keep  the  various  stations  informed  of  th*  overall 
progr#*e,/rto. 

(2)  ^etimatei  of  field  strengths  at  remote  stations  were  mads  end 
distributed  to  th*  partioipatlng  station*  before  saoh  event j 


(*>  A  suitable /olose- in*-  (330  km  or  lees) 
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Bikini  Atolla,  taaanurananta  ***••  P«r^*4toj; 

*)  'dttamla#  tha  tru#  thap*  of  tha  antir#  #la«treo**n#tio  pulaaa,  l 
bWalata  tha  pula*  aaplitudaa  to  flald  atrangth  raluaa,  /&  } 
o)  datarmina  tha  ralatlooahip  batman  alaotroaa  gnatlo  pulaa#  and 
bonk  phanonaoology,  -r?/v/ 


S 


to  data  rain#  tha  tin*  of  arrl-ral  of  tha  alaotroaapiatlo  pulaaa 


khloh  ira  aalttad  at  tha  tin#  of  an  » tool  a  datouaticu^ 

/tfilag  both  broad-band  and  narrow- band  raoording  aqulpnant,  laaaaura- 
aanta  vara  aad*  at  Ouaau  Waul,  T.  H.j  Bouldar,  Colorado!  Pt.  Barrow, 

Alaakai  rt,  Balvoir,  Va.  naar  Waahinstoo,  o.t  and  Stanford,  Univoraity, 
at  Palo  Alto,  California 

*j)  datarnia#  tha  tru*  ihapa  of  tba  ant  ira  alaotronagnatlo  pulaaa 
aa  raoalTad  at  taoh  atatloa,  7*z> 

k  ralata  a-plituda#  to  flald  atranjth  valuaa,  A 

o)  ‘datarmina  tin#  of  pulaa  arrival  ralatad  to  world  tlna^ 

/6)  all  tha  looation^nantlooad-abav*^  raoorda  of  flald  *tr#n*tha 
raoalvad  Aram  lcar-fraquaooy  broadnaatin*  atatlona  and  dlatant  ataoapharloa 
ara  to  ba  aada  to  aaalat  In  dataminio*  propagation  attaouatlon  M  a  Amo¬ 
tion  of  tin*  and  diatanoa, 

i  • 

Cloia-in  jfaaawananta 

Haaaurananta  war#  nad*  uilng  broad- band  aquipnaat  at  a  dlataaa#  of 
about  330  Jaa  fro*  ground  aaro  to  da t arnica  tha  tru*  pula#  ahap*  bafora 
bain*  altarad  natarially  by  tha  affaata  of  propagation.  A  aix-foot  rart- 
loal  antanna  *n#  uaad  to  raoalra  tha  rartloalljr  polarltad  alaotrcaagnatl* 
pulaa,  and  a  aultabla  broad-band  oat hod*  follower  unit 
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u*t*  the  signal  and  to  distribute  it  to 
at  different  sweep  rates  and  sensitivities. 

Additional  aqulpasnt  was  used  to  dsterialns  the  tin  of  errlral  of  the 
elsotronagnstio  pulss.  Also,  an  experiment  was  aarried  out  using  a  long 
wirs  sntsnna  and  an  Anpex  tape  rsoorder,  in  an  attempt  to  rsoord  *ny  pulses 
ooou.-ring  milliseconds  or  seoonda  after  shot  tine. 

Sanple  rsoords  Cram  ROMEO  and  IOC*  are  given  in  this  report.  The 
legend  with  eaoh  figure  girea  the  nine  of  the  event,  the  propagation  dis- 
tsnoa  in  kHaneters,  the  sweep  rate  in  useo/oa  along  the  x-axls,  and  the 
sensitivity  in  volts/aeter/o*  along  the  y»axls,  The  plus  and  minus  signs 
on  eaoh  figure  lodioate  the  polarity  of  the  eleotrlo  vector}  a  ninua  sign 
reprsssnta  a  downward  eleotrlo  vector  and  a  plus  sign  an  upward  one,  A 
pre- amplifier,  whloh  reverses  the  polarity  of  signals,  was  used  to  rsoord 
the  w*TV_forae  shown  In  Figures  2,  4,  7,  and  8.  All  of  the  initial  half- 
oyolee  observed  at  the  olose-in  stations  during  CA3TL5  are  negative}  this 
faot  was  alio  observed  during  UPSi»7-i<lfOTHOLE, 

Figure  1  la  a  ROWIJO  waveform  consisting  of  a  ground  wave  pulse  and 
a  pulse  that  was  rsfleoted  froa  an  lonoepherio  layer  height  of  about  92  k». 
The  peak  amplitude  of  the  pulse  received  aloog  the  eirface  of  the  earth 
was  about  22  volts/raeter,  and  the  peak  amplitude  of  the  pulse  reoeived 
after  reflection  fro*  the  ionosphere  was  about  12  volte/aeter.  Renoe,  the 
lonoepherio  reflection  ooeffiaient  for  thie  node  ie  about  0.8. 

The  pulae,  whloh  la  reflsoted  Cram  the  ionosphere,  la  muoh  smoother 
than  the  ground  wave  pulse,  indicating  a  loss  of  hlgh-frsqusnoy  snsrgy 
in  th»  ionosphere. 
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The  total  attenuation  of  the  surfeo*  were  orer  330  Joe  of  eee  ester 
^  ■***»  ende-»  80)  1*  within  3  db  of  the  inverse  dietenoe 
attenuation  value  et  frequencies  up  to  epproxinetely  1.0  lio.  Using  this 
inverse  dietenoe  relationship,  the  field  strength  20  V»  fra*  ground  sero 
voald  be  of  the  order  of  360  volts/»#t#r. 

Another  HOUEO  pulse,  reoorded  using  e  sweep  speed  of  10  useo/om,  is 
shown  in  Figure  2.  The  pre>tapllfier  wee  used  in  reoording  this  pertiouler 
pulsei  therefore,  the  first  helf-oyele,  vhioh  sppeers  es  en  upwsrd  oeoillo- 
soope  defleotion,  aorresponds  to  e  downward  e  lea  trio  reotor. 


| Superimposed  on  this  helf-oyole  sure 
three  oyolsa  heving  e  frequency  naer  80  In. 

Figure  3  shove  the  first  16  useo  of  the  wevefors  in  greeter  detail 
then  either  of  the  preceding  figures. 

A  train  of  pulse*  reoorded  fron  RCtSO  is  shown  in  Figure  4.  The 
first  pulse,  which  overloaded  the  reoording  equipment,  is  ebout  166  useo 
long.  The  euoceedlng  pulses,  In  order  of  arrival,  ere  the  first,  second, 
third,  fourth,  end  fifth  hop  sty-wave  nod#*,  ell  of  whioh  were  reflected 
from  an  ionospherlo  layer  height  of  ebout  94  kn. 

Figure  5  le  a  puls*  tram  JCOOW  aoqaarabls  to  the  RCMBO  puls#  in  Fig¬ 
ure 


|U«ing  the  first  half  oyoles 
of  Figures  1  end  3  ss  en  Indication  of  the  fundament  el  frequency,  it  is 
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found  tl»t  for  ROKiiO  the  fraquenoy  1,  about  \\  ko  and  for  KCCJf  It  l7~ 
about  46  kc. 


In  Figure  6  it  can  bo  aeen  that  tho  peak  ajaplltudo  of  tho  ground 
wot*  pula#  la  about  13  Tolta/meter,  and  tho  correapooding  raluo  for  tho 
pulao  roflootod  frets  tho  lonoapboro  1*  about  6  volta/seter.  Tho  lraiot- 
phorlo  roflootlon  oooffiolont  for  thia  particular  nodo  la  about  o,S, 
Fljuro  6  roToala  tho  extent  to  whioh  tho  character  of  tho  original 
pulao  w*a  preaerrod  aftor  Unoapherlo  roflootlon.  For  oonpariaon  with 
tho  ac»eo  pulao,  coo  Figure  1. 

Tho  early  detail  associated  with  tho  atouio  dotonu.ioa  la  shown  in 
Figure  7,  whioh  was  raoordad  using  a  awuop  speed  of  12.6  uaeo/om, 

A  train  of  pulaea  consisting  «’  tho  ground  wave  ulse  followed  by 
ot.-ora  rofleotOd  freui  tho  lonoaphoro  la  shewn  in  Piguro  S.  Tho  Individ* 
ual  raflaetlona  are  not  aa  easily  distinguished  at  thoaa  in  Figure  4, 
tho.oorrasponding  RCMiiO  praaontation. 

In  FI  jura  9  a  swoop  rate  of  1  usOo/en  and  high  gain  were  used  to 
dlseloso  the  Initial  portions  of  tho  pulao. 


Dlitairt  Miaauromont* 

A  tot  of  ftor/so  pulaea  la  ahown  in  figures  10  through  15  as  reooivad 
at  (hiaa,  Haul,  Stanford,  Barrow,  Boulder,  and  llaahlngton.  fho  length 
'  M  M^litudo  of  tha  pulaea  are  related  to  tho  propagation 

dlattno*,  and  these  faots  rrers  used  at  soon  itatioa  to  aasiat  in  locating 
tho  dssired  pulse  on  the  filw  raoorda. 


A  value  of  fiold  itrengh  Sxpaotad  to  bo  rooordad  at  eaoh  atation 
waa  iasuod  la  adraneo  of  eaoh  ahot.  Tho  oatlanto*  of  field  strength 
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for  BRAVO  were  b*«ed  upon  the  predicted  value  of  bo  ah  yield 
action  gained  during  IVT  relating  field  atrength  and  diatanoe  from  a 
megaton  weapon.  Fortunately,  all  cm  atatlona  except  cot  recorded 
the  BRAVO  pulee.  Using  theae  result**  It  was  determined  that  the  fi*ld 
strength  attenuation  beyond  iOOo  fa*  varied  aa  the  inters*  square  root 
of  the  distance  and  an  additional  propagation  loss  at  the  rate  of  about 
2  or  3  ilb  .por  1000  fas. 

The  ROUEO  yield  was  estimated,  me  shown,  to  be  13  negatooe,  using 
the  rslues  of  field  strength  recorded  at  Haul  tvea  ROUEO  and  BRAVO  and  a 
yiold  of  14  megaton*  for  BRAVO.  3inc#  all  the  event*  took  plao*  at  the 
sane  time  relative  to  sunrise,  the  propagation  attenuation  was  considered 
to  be  the  e«ne  for  all  event*, 

log  TrS  log  T0 
SB 

Yh  =  ROUEO  yield 
Tb  a  BRAVO  yield 
3g  »  ROKEO  peak  field  strength 
SB  “  BRAVO  peak  field  strength 

The  ttMlaans  center  to  peak  values  of  field  strength  recorded  at  the 
CRPL  stations  during  CASTLE,  which  are  available  at  the  present  tine,  are 
plotted  against  distance  in  Figure  17.  The  first  lettor  of  the  nans  of 
each  event  is  plaoed  near  the  appropriate  value  df  field  strength.  The 
attenuation  rate*  between  stations  for  the  different  event*  are  approx¬ 
imately  the  sane,  with  the  exception  of  Barrow,  Alaska.  At  this  tin#  it 
is  not  known  why  the  values  of  field  strength  reoordtd  at  Ouu*  are  as  low 
they  are. 
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distune*  of  2200  ka.  Th*  delay  tins*  between  successive  pulse*  suggest 
t),»t  these  Individual  pula**  wore  rofleoted  fras  m  ionbsphorio  layer 
hoight  of  about  90  km.  Th*  wave-form  consist*  of  part  of  th*  ground  wav* 
pulse,  followed  by  th*  first,  second,  third,  fourth,  and  fifth  hop  sky-wnv* 
mode*.  It  1*  of  interest  to  not*  th*  high  frequency  detail  present  at 
thi*  distance.  Figure  10  is  a  pul**  raoorded  fras  HOKEO  at  Guam,  and  it 
i*  shown  for  comparison  with  Figure  16.  A  reasonable  intrepretation  of 
Pigur*  10  nay  also  be  made  assuming  th*  ionospherio  layer  height  of  90  tat. 
Thi*  ohoioe  is  mainly  based  upon  tli*  reoognisabl*  time  delay  of  84  usoo 
whioh  is  th*  calculated  delay  between  the  first  and  ssoend  hop  *ky-waT* 
node*.  The  sucoeedirg  reflection*  du*  to  the  third,  fourth,  and  fifth 
hop*  are  not  olearly  separated  a*  in  Figure  16.  The  first  half-cycle 
seen  in  Figure  10  is  taken  to  be  part  of  th*  ground  wav*  pulse.  Th*  one- 
hop  pulse  received  fren  KfcOll  at  Guam  is  alallar  to  th*  first-hop  sky- 
nave  pulse  seen  in  Pigur*  6  which  was  reoorded  at  330  icsj  it  contains 
components  at  rauoh  higher  frequencies  than  the  pulso*  received  at  Quasi 
frnrt  ROJiEO.  The  ratio*  of  p#ak  amplitudes  of  th*  ground  wav*  pulse*  to 
the  peak  amplitude*  of  th*  first-hop  cky-vrav*  pulse*  suggest  that  th* 
ionospherio  reflection  coefficient  for  XCOB  was  approximately  twice  the 
value  for  ROMEO. 

In  Figure  18,  preliminary  tire**  reportod  by  aaoh  station  for  th* 
first  five  events  are  tabulated.  Better  agreement  between  th*  values  of 
Tj  (detonation  time)  may  be  achieved  after  nor#  accurately  calculating 
Tp  (propagation  delay  time  for  the  puls*)  and  T#  (propagation  delay  time 
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for  the  ril.V  or  mrVH  .eocnds  pul**.). 

Th*  relit ire ly  lew  Talus  of  field  strength  reoorded*  at*Ber™«r^^ 


aOMKO  my  he  found  to  be  relitsd  to  a  di.turb.mce  of  th.  earth* «  nematic 
field  ’diioh  existed  oa  thit  day.  The  ittenuetion  of  field  strength  in 
db/lOOO  La  froa  Maui  to  Barrow  is  about  3  db  for  RRA.VO  and  6  db  for  ROtffiO. 
The  £*rrow,  Alaska  magnet l o  Jt  figure,  for  the  three  hour  period  contein- 
inj  the  BAA  VO  and  ROMEO  detonation  tine.  are  reapeotitely  2  and  5, 
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TUB  NATIONAL  BUREAU  OF  STANDARDS 
Function*  nod  Activities 

The  functions  of  ths  Nstionsl  Bureau  of  Standard*  are  set  forth  is  th«  Act  of  Congress,  Msec* 
3,  1901,  **  *  mended  by  Congress  in  Public  Lv  619,  1950,  These  Include  the  derctopauml  sad 
maintenance  of  the  nstionsl  itsndsrda  of  measurement  end  ibe  provision  of  mesne  and  methods 
for  making  measurements  consistent  with  these  standards)  the  determination  of  physical  constant* 
and  properties  of  meterlalai  the  development  of  methods  and  instrument  a  foe  testing  material*, 
device*,  and  struct  ureal  advisory  sendees  to  Government  Agencies  on  scientific  and  tech  nice  I 
problems;  invention  end  development  of  devices  to  aerve  special  needs  of  the  Covennasaitt  and  tbs 
development  of  standard  practices,  code*,  and  Ipecifirationa,  The  wort  Includes  basic  and  applied 
r r*e arch,  development,  engineering,  inalmmentatioe,  testing,  evaluation,  calibration  services,  and 
various  consultation  and  information  services.  A  major  portion  of  the  Borean’a  work  1*  perforated 
for  other  Government  Agencies,  particularly  the  Department  of  Defense  and  the  Atomic  Energy 
Commission.  The  scope  of  activities  is  suggested  by  the  bating  of  divitiens  and  section*  oat  the 
indite  of  the  front  cover. 

Report*  and  Publication* 

The  results  of  the  Bureau’s  work  take  the  form  of  either  actual  equipment  and  device*  or 
published  paper*  and  report*.  Report*  sre  Issued  to  the  sponsoring  agency  of  a  particular  project 
or  progr'm,  Published  papers  appear  either  is  the  Bureau's  own  series  of  publications  or  in  the 
joumsia  of  professional  and  scientific  societies.  The  Bureau  itaelf  publishes  thro*  monthly  peri¬ 
odic*!*,  available  from  the  Government  Printing  Office!  The  Journal  of  Research,  which  present* 
roraplete  papers  rr(>orting  technical  investigation*;  the  Technical  New*  Bulletin,  whkh  present* 
summary  and  prvKminary  reports  on  work  in  progress;  and  II laic  Radio  Propagation  Prediction*, 
which  provides  data  for  determining  the  beat  frequencies  to  use  for  radio  cooununleatiosu  throughout 
the  world.  There  are  also  five  series  of  nonperiodic*}  publications;  Th*  Applied  Mathematic* 
Series,  Circular*.  Handbook*,  Building  Material*  and  Structure*  Reporta,  and  MUteiHaeotm 
Publication  a. 

Information  on  the  Bureau’*  publications  can  be  (bund  in  NBS  Circular  160,  Publication*  of 
th*  Nation ai  Bureau  of  Standard*  (11.25)  ind  It*  Supplement  (10.75),  available  from  th*  Superhi. 
tendmt  of  Documents,  Government  Printing  Office.  Inquiries  regarding  the  Burosa’a  report*  ind 
publications  should  be  addressed  to  the  Office  of  Scientific  Publication*.  National  Rivera  of 
Standard*,  Washington  25,  D.  C. 


DECLASSIFIED  IN  PULL 

Aulhorily:  EO  13526 

Chief,  Records  &  Declass  Dlv,  WHS 


Date: 


JAN  1  1 2013 


+ 


f 


DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 
1  1  65  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301  1  155 


Subject:  OSD  MDR  Case  12-M-1572 
Dear 

We  have  reviewed  the  enclosed  document  in  consultation  with  the  Department  of  Energy 
(DOE)  and  have  declassified  it  in  part.  OSD  and  DOE  excised  information  is  exempt  from 
declassification  under  Executive  Order  13526,  section  6.2(a).  Section  6.2(a)  protects 
“Restricted  Data”  and  "Formerly  Restricted  Data”  information  in  conformity  with  the  provisions 
of  the  Atomic  Energy  Act  of  1954,  as  amended,  and  regulations  issued  under  that  Act. 

OSD  stands  as  the  appellate  authority  and  will  coordinate  any  appeals  regarding  this  case. 
A  written  appeal  must  be  filed  within  60  days  explaining  the  rationale  for  reversal  of  the 
decision.  Reference  should  be  made  to  OSD  MDR  Case  I2-M-1572.  Letters  of  appeal  should 
be  sent  to  the  following  address: 

WHS/ESD  Records  and  Declassification  Division 

Attention:  Robert  Storer 

4800  Mark  Center  Drive 

Suite  02F09-02 

Alexandria,  VA  22350-3 1 00 

If  you  have  any  questions,  contact  me  by  e-mail  at  Records.Declassification@whs.mil  or  by 
phone  at  571-372-0483. 


Sincerely, 


.msu — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 
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1.  MDR  request 

2.  Document  1 


DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1 55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  DTIC-OQ  INFORMATION  SECURITY) 
8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELV10R,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-1572  and  12-M-1573 

At  the  request  of  we  have  conducted  a  Mandatory  Declassification 

Review  of  the  attached  documents  under  the  provisions  of  Executive  Order  13526,  section  3.5, 
for  public  release.  We  have  declassified  the  documents  in  part.  We  have  attached  a  copy  of  our 
response  to  the  requester  on  the  attached  Compact  Disc  (CD).  If  you  have  any  questions,  contact 
me  by  e-mail  at  storer.robert@whs.mil,  robert.storer@whs.smil.mil,  or  robert.storer@osdj.ic.gov 
or  by  phone  at  571-372-0483. 


— 


Robert  Storer 

Chief,  Records  and  Declassification  Division 
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